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Abstract: We consider a novel scenario of dark photon-mediated inelastic dark matter
to explain the white dwarf cooling excess suggested by its luminosity function, and the
excess in electron recoil events at XENON1T. In the Sun, the dark photon A′ is produced
mainly via thermal processes, and the heavier dark matter χ2 is produced by the scattering
of halo dark matter χ1 with electrons. The XENON1T signal arises primarily by solar
A′ scattering, and A′ emission by white dwarfs accommodates the extra cooling while
maintaining consistency with other stellar cooling observations. A tritium component
in the XENON1T detector is also required. We show for parameters that explain the
XENON1T data, but not the white dwarf cooling anomaly, that a second signal peak may
be buried in the XENON1T data and revealable at XENONnT. However, the parameters
that give the double peak in the spectrum are incompatible with constraints from horizontal
branch stars.
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1 Introduction
Astrophysical observations of several stellar systems including white dwarfs (WDs) [1–6]
and horizontal branch (HB) stars [7] show evidence of excess cooling in comparison to
standard theoretical predictions. The number density of WDs as a function of brightness,
called the white dwarf luminosity function (WDLF), indicates a cooling anomaly at the 4σ
level [8]. Pulsating WDs with a DA spectral type also show a cooling anomaly [5, 6]. The
measured value of the R-parameter, which is the ratio of the number of stars in the HB to
that in the upper portion of the RGB (Red Giant Branch) in globular clusters, is smaller
than predicted, hinting that HB stars cool more efficiently than expected [7]. However,
HB stars (aside from the aforementioned hints), RGB stars (because of their higher core
temperatures) and the Sun (whose observed luminosity is consistent with the standard
solar model) restrict excess cooling.
Recently, the XENON1T experiment with its 1024 kg fiducial volume and 0.65 ton-
year exposure of xenon [9] reported a 3σ excess in the electron recoil spectrum between
2-3 keV. Various explanations have been put forward [10].
We propose a joint explanation of the WDLF cooling and XENON1T excesses in the
context of inelastic dark matter (DM) [11] mediated by dark photons [12]. We consider
two relic Majorana fermion DM particles χ1 and χ2 of MeV mass that form a pseudo-Dirac
pair with a small mass gap, ∆mχ ≡ mχ2−mχ1 ≈ keV. A dark photon A′ of sub-GeV mass
mediates the interaction between χ1 and χ2. The DM halo is constituted primarily by
χ1. These new particles connect the WDLF anomaly and XENON1T excess. Both χ2 and
A′ can be produced in the thermal plasma of the Sun, and contribute to the XENON1T
signal. The χ2 in the Sun are created by the relic χ1 through the process χ1e → χ2e. A′
production is dominated by bremsstrahlung [13, 14]. After propagation from the Sun to
Earth, the down scattering χ2e→ χ1e and absorption A′e→ e processes yield the electron
recoil signals in XENON1T. We find a region of parameter space favored by both the
WDLF anomaly and XENON1T excess, and that is consistent with constraints from other
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stellar cooling observations, provided a small contribution from the β-decay of tritium is
present. It is noteworthy that scenarios invoking solar axion-like particles to explain the
XENON1T excess are not consistent with constraints from stellar cooling, especially the
R-parameter [15].
The paper is organized as follows. In section 2, we study our dark photon-mediated
inelastic DM scenario and demonstrate that if mA′ < ∆mχ, 10 keV both excesses can be
explained. In section 2.3.1, we show that a distinctive double-peak signal may be present
in XENON1T data and that can be confirmed by XENONnT. We summarize in section 3.
2 Dark photon-mediated inelastic dark matter
A′ couples to χ1, χ2 and the electron via the effective interactions,
L ⊃ (e)A′µ(e¯γµe) +
(
i gχ
2
A′µ(χ¯2γ
µχ1) + h.c.
)
, (2.1)
where the A′ee coupling may originate from the kinetic mixing between A′ and the pho-
ton via − 2F ′µνFµν [16]. Both A′µ(χ¯2γµχ1) and its Hermitian conjugate contribute to the
XENON1T signal due to their Majorana property. We insert the imaginary unit i so that
gχ is a real number.
2.1 ∆mχ , 40 keV < mA′
Since mA′ > ∆mχ, the 2-body decay χ2 → A′χ1 is kinematically forbidden, and χ2 is
stable on the length scale of the solar system. The signal in XENON1T data is produced
by the down scattering process,
χ2 + e→ χ1 + e . (2.2)
We assume ∆mχ ' 3 keV to obtain a peak in the XENON1T electron recoil spectrum
at around 3 keV [9]. The core of the Sun which has a keV temperature electron plasma
excites χ1 from the DM halo to produce a flux of χ2 via
χ1 + e→ χ2 + e . (2.3)
The rate for this process is given by [17]
Cc =
√
6
pi
ρχ1
mχ1
(vesc)2
v¯2
Ne
∫
fe(Ke)σχ1e→χ2ev¯ dKe , (2.4)
whereNe ' 2×1056 is the number of electrons in the solar core with radius Rcore ≤ 0.18R,
ρχ1 = 0.4 GeV/cm
3 is the local DM density,1 v¯ is the velocity dispersion of DM, and vesc
1Absent a concrete model, we do not attempt to estimate the DM relic abundance from thermal freeze-
out, and allow for non-thermal production to be determinative.
– 2 –
is the escape velocity of the Sun. The Boltzmann distribution of electrons with kinetic
energy Ke is
fe(Ke) = 2
√
Ke
pi
(
1
T
)3/2
e−Ke/T ,
where T ' 1.15 keV is the average temperature of the core. This rate cannot exceed the
geometric limit of the core of the Sun [18],
C|geom = 1.1× 10
29
s
ρχ1
GeV/cm3
GeV
mχ1
, (2.5)
because in this limit all DM particles within the geometric area of the solar core are
captured. For Cc > C
|geom, we take Cc = C|geom.
The amplitude squared for e(p1) + χ1(p2)→ e(p3) + χ2(p4) is given by
1
4
∑
|M |2 = (gegχ)
2
(t−m2A′)2
{
2t2 + 4st+ 4s2 − 2(t+ 2s)(m2χ1 +m2χ2)
+4tmχ1mχ2 + 4m
2
χ1m
2
χ2 + 4m
2
e(m
2
e − 2s+ 2mχ1mχ2)
}
. (2.6)
In the χ1 rest frame, we define Ke and Kχ2 to be the kinetic energy of the incoming electron
and outgoing χ2, respectively. Then, the Mandelstam variables can be written as
s = m2χ1 +m
2
e + 2mχ1(me +Ke) ,
t = m2χ1 +m
2
χ2 − 2mχ1(mχ2 +Kχ2) . (2.7)
The range, Kminχ2 ≤ Kχ2 ≤ Kmaxχ2 , is determined from [19]
t = (p1 − p3)2 = 2m2e − 2
(√
m2e + p
2
in
√
m2e + p
2
out − pinpout cos θ∗
)
, (2.8)
where the scattering angle in the center-of-mass frame takes values 0 ≤ θ∗ ≤ pi. Here, pin
(pout) is the momentum of the initial (final) state in the center-of-mass frame. The cross
section is given by
σχ1e→χ2e =
∫ Kmaxχ2
Kminχ2
dKχ2
2mχ2
16piλ(s,m2e,m
2
χ1)
1
4
∑
|M |2 . (2.9)
Note that in the static limit, justified by the non-relativistic velocity of the relic dark
matter, the matrix element squared can be simplified to
1
4
∑
|M |2 = (egχ)2 (2me + ∆mχ)
2(2mχ1 + ∆mχ)
2
(2me∆mχ +m2A′)
2
. (2.10)
The χ2 flux at the Earth, assuming that it is produced isotropically in the Sun, is obtained
from
dΦχ2
dKχ2
=
1
4piD2SE
dCc
dKχ2
, (2.11)
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Figure 1. mA′ > ∆mχ. The left panel shows the χ
2 distribution from a fit to XENON1T data.
The 2σ contour corresponds to ∆χ2 ≡ χ2−χ2BP1 = 6.17, where χ2BP1 = 35.84 for the best-fit point
BP1 in Eq. (2.13) which is marked by a star. Its electron recoil spectra is shown in the right panel.
where the distance between the Sun and Earth, DSE ≡ 1 AU. Subsequently, the χ2 interacts
with an electron in the XENON1T detector. The event rate for the down scattering
χ2e→ χ1e is
dR
dKr
= N eT
∫
dΦχ2
dKχ2
dσχ2e→χ1e
dKr
, (2.12)
where Kr is the electron recoil energy and N
e
T is the total effective number of target
electrons in the XENON1T detector. Because only the outer shell electrons, from the 4s
to 5p orbitals of Xe have a binding energy less than keV, we take 26 electrons for each
Xe atom [20]. We fold in the detector efficiency [9] and energy resolution [21] functions to
compute the event spectrum.
We fit the 29 bins of the XENON1T spectrum between 1 keV and 30 keV obtained
during Science Run 1 (SR1) by scanning over mχ1 ,mA′ and gχ, and find the best fit point,
BP1 : (mχ1 ,∆mχ,mA′ , gχ) = (2.38 MeV, 3 keV, 10.7 MeV, 1.09× 10−5) , (2.13)
with χ2BP1 = 35.84. The background-only hypothesis B0 [9] has χ
2
B0
= 46.69. The χ2
distribution in the (mA′ ,
√
gχ) plane is shown in the left panel of Fig. 1, which displays
a strong correlation between mA′ and gχ. The spectrum of BP1 is shown in the right
panel.
In principle, a light A′ can be thermally produced in the hot electron plasma of the
Sun via the coupling e. Such a solar A′ flux can produce the recoil electrons responsible
for the XENON1T excess. However, for mA′ > 40 keV, the A
′ contribution is severely
Boltzmann suppressed.
In Fig. 2, we overlay the XENON1T preferred regions for gχ =
√
4pi and 0.01 with
constraints from HB stars [13, 14], fixed-target experiments [22] and supernova 1987A [23].
The unshaded region labelled “SN1987A” is an approximate representation of the region
constrained by SN 1987A. A detailed analysis is necessary to define the region precisely.
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Figure 2. mA′ > ∆mχ. The 2σ XENON1T allowed regions for gχ =
√
4pi and gχ = 0.01. The
constraints from HB stars [13, 14], fixed-target experiments [22] and an approximate constraint
from SN 1987A [23] are also shown.
For gχ =
√
4pi the XENON1T preferred region is excluded, and for gχ = 0.01, the allowed
window is 0.3 MeV . mA′ . 1 MeV.
The shape of the WDLF can be expressed as a simple power law if neutrino cooling is
negligible [8]:
Lγ = 8.5× 10−4L
(
TWD
107 K
)3.5
, (2.14)
where the solar luminosity is L = 2.39× 1036 GeV/s. The exotic cooling rate of the WD
can be similarly parametrized as
LX = CXL
(
TWD
107 K
)n
. (2.15)
A fit to the data of Ref. [4] yields the best-fit values, CX = 1.31× 10−4 and n = 3.49 [8].
Taking the WD core temperature to be 107 K = 0.862 keV,
LX ' 3.13× 1032 GeV/s . (2.16)
The relic DM χ can cool the WD through the process χ1e → χ2e. However, even at
the geometric limit its rate is 4.4 × 1025 GeV/s for mχ1 ' O(MeV) and ∆mχ ' O(keV),
which is seven orders of magnitude below the required anomalous rate of Eq. (2.16).
2.2 1 keV < mA′ < ∆mχ , 10 keV
We now consider mA′ < ∆mχ so that once χ2 is produced inside the Sun via χ1e → χ2e,
it decays promptly: χ2 → A′χ1. Then, none of the χ2 propagate to Earth to generate a
XENON1T signal. The amplitude squared and decay width are given by
1
2
∑
|Mχ2→A′χ1 |2 = g2χ
{
m2χ2 − 6mχ1mχ2 +m2χ1 − 2m2A′ +
1
m2A′
(
m2χ2 −m2χ1
)2}
Γχ2→A′χ1 =
1
16pimχ2
1
2
∑
|Mχ2→A′χ1 |2λ1/2
(
1,
m2χ1
m2χ2
,
m2A′
m2χ2
)
. (2.17)
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The (m2χ2 −m2χ1)2/m2A′ term in the amplitude squared arises from the longitudinal com-
ponent of A′, and dominates when mA′  ∆mχ.
The A′ easily escapes the Sun, propagates to Earth, and contributes to the electron
recoil signal at XENON1T through absorption by the bound electrons of Xe, A′e → e,
analogous to the photoelectric effect. The A′ absorption cross section per Xe atom is
σA′
'
(mA′
ω
)2
2σγ
(
c
vA′
)
for longitudinal A′ ,
= 2σγ
(
c
vA′
)
for transverse A′ [24] ,
(2.18)
where vA′ is the A
′ velocity, and σγ is the photoelectric cross section per Xe atom which is a
function of the A′ energy ω [25, 26]. Note the (mA′/ω)2 suppression for longitudinal modes.
Since χ2 with kinetic energy of O(keV) is non-relativistic, A′ from χ2 decay has energy
ω ' ∆mχ. The A′ flux is identical to the χ2 flux and can be obtained from Eq. (2.11):
Φχ2A′ |ω=∆mχ =
∫
dKχ2
dΦχ2
dKχ2
.
The A′ contribution from χ2 decay to the XENON1T event rate can be estimated as
follows. Assume the up scattering χ1e→ χ2e in the Sun reaches the geometric limit. Then
χ2 decay produces the maximum flux, Φ
χ2
A′ ' 2.56×103 cm−2s−1 for mχ1 ' O(MeV). This
yields an electron recoil event rate ' 2(4× 1021) ton−1yr−1, which requires  ' O(10−10)
to explain the XENON1T excess. The (mA′ , ) ' (O(1 keV),O(10−10)) region of parameter
space is ruled out by cooling constraints from the Sun and HB stars.
However, keV mass A′ are also produced by the thermal plasma of the Sun. In fact, this
contribution dominates the solar A′ flux. We define the A′ number production rate per unit
volume per unit energy as
d2Γ
A′
dV dω which depends on the plasma frequency ωp = (nee
2/me)
1
2
with ne the number density of electrons. We will only be interested in A
′ masses above
the plasma frequency ωp ' 0.3 keV in the core of the Sun; in the center of HB stars,
ωp ' 2 keV. In this case, the number emission rate of longitudinal modes per unit volume
per unit energy ω is given by [13, 14]
d2ΓA′
dV dω
∣∣∣∣
L
=
∑
i=H,He
8Z2i α
3nenZi
3m2e
2m2A′
ω4
√
ω2 −m2A′
√
8me
piT
f
(√
ω/T
)
, (2.19)
where nZi is the number density of ions of charge −Zie [27], and
f(a) ≡
∫ ∞
a
dxxe−x
2
log
∣∣∣∣∣x+
√
x2 − a2
x−√x2 − a2
∣∣∣∣∣ . (2.20)
The corresponding expression for the transverse modes is [28]
d2ΓA′
dV dω
∣∣∣∣
T
=
1
pi2
ω
√
ω2 −m2A′
e
ω
T − 1
2m4A′
(ω2p −m2A′)2 + (ωΓT )2
ΓT ,
ΓT =
16pi2α3
3m2eω
3
√
2pime
3T
ne
∑
i=H,He
Z2i nZi g¯i(1− e
− ω
T ) +
8piα2
3m2e
ne , (2.21)
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where g¯i is a Boltzmann averaged Gaunt factor [29]. For T = 1.15 keV and Rcore/R =
0.18, we find that setting g¯H = g¯He = 1 reproduces the result of Ref. [14] in the mA′ range
of interest.
The A′ flux at Earth produced in the thermal plasma of the Sun is given by
dΦA′
dω
=
1
4piD2SE
∫
dV
d2ΓA′
dV dω
. (2.22)
The A′ contribution to the XENON1T spectrum is
dR
dω
' NTσA′
dΦA′
dω
, (2.23)
where NT ' 4.52× 1027 is the number of Xe atoms per ton.
It is interesting that the best fit value of n in Eq. (2.15) is the same as in Eq. (2.14)
for photon emission. This implies that the emission of a light particle like A′ could provide
the additional contribution to WD cooling. In the core of a WD, ωp ' 30 keV. For
mA′  ωp, the resonant emission of longitudinal A′ is enhanced by (ωp/mA′)2, can occur
at any temperature, and is given by [13, 14]:
d2ΓWDA′
dV dω
=
1
4pi
2m2A′ω
2
eω/T − 1δ(ω − ωp) . (2.24)
To explain the excess WD cooling by A′ emission, we require
LX =
∫
dV
∫
dω ω
d2ΓWDA′
dV dω
=
(
4
3
piR3WD
)
1
4pi
2m2A′ω
3
p
eωp/TWD − 1 ,
i.e., mA′ ' 10−14 keV. (2.25)
FormA′  ωp, the region favored by the WDLF is a band with slope−1 in the log −logmA′
plane; see Fig. 3. This is confirmed by numerical simulations up to mA′ ' 1.6 keV [8]. We
have extended this band to 4 keV, above which the condition, mA′  ωp, breaks down.
For 2.5 keV . mA′ . 4 keV, the WDLF favored region is consistent with all constraints.
Note that Eqs. (2.23) and (2.25) are independent of gχ.
In Fig. 3, we show the 1σ and 2σ regions favored by XENON1T data and the 2σ region
favored by the WDLF. The 2σ regions barely overlap in the vicinity of
BP2 : (mA′ , ) = (1.88 keV, 6.1× 10−15) ,
which has χ2 = 42.12 in a fit to the XENON1T data. Its electron recoil spectrum is
shown in the right panel. The best-fit point (mA′ , ) = (2.69 keV, 1.26 × 10−14) with
χ2best−fit = 36.07 does not explain the WDLF data and is excluded by the RGB constraint.
The gray region marked “∆χ2Xe1T ≥ 100” is strongly disfavored because χ2 ≥ 100 for
XENON1T data.
We therefore consider the possibility that a tritium component contributes to the
XENON1T excess in addition to solar A′. Then, smaller values of  are needed which
could reconcile the WDLF excess. The result of allowing a free-floating normalization
– 7 –
Figure 3. mA′ < ∆mχ. In the left-panel, we show the parameter regions favored by the cooling
excesses suggested by the WDLF (at 2σ), WDs of spectral type DA (WD-DA), and by the HB
anomaly. The 1σ and 2σ allowed regions that explain the XENON1T are labelled “Xe1T”. Regions
above the curves labelled, “Sun”, “HB” (red) and “RGB” are excluded at 2σ by the respective
stellar constraints. The gray shaded region labelled “∆χ2Xe1T ≥ 100” is strongly disfavored. The
“Xe1T” and “WDLF” regions overlap in the vicinity of (mA′ , ) = (1.88 keV, 6.1× 10−15), marked
by a diamond, and its electron recoil spectrum at XENON1T is shown in the right panel.
Figure 4. Same as Fig. 3, but including a tritium contribution whose normalization factor FT is a
free parameter. The right panel shows the spectrum of (mA′ , , FT) = (1.88 keV, 6.1× 10−15, 0.63),
a point that explains the WDLF and XENON1T excesses.
of the β-decay contribution from tritium decay is shown in Fig. 4. FT = 1 sets the
normalization of the tritium spectrum in Ref. [9] and yields χ2T = 41.8, which is close to
χ2BP2 = 42.12. Including the tritium contribution with FT = 0.63 improves the fit of BP2
to χ2BP2 = 39.36. The expanded allowed region is even compatible with the HB anomaly.
In the scenario of Ref. [21], the hidden photon is the relic DM candidate and its
production in the Sun is neglected. Our preferred value of  is larger than in Ref. [21]
because the A′ fluxes differ. For the DM A′, the A′ flux is determined by the local DM
number density nDM ' 0.3 GeV/cm3 and the dispersion velocity vDM ' 10−3c, which gives
ΦDMA′ (c/vDM) ' 3 × 1015 cm−2s−1. The event rate RDMA′ ' 2DM(ΦDMA′ /vDM)NTσγc yields
– 8 –
Figure 5. ∆mχ = 3 keV < mA′ < 40 keV. Similar to Fig. 3, but in this hybrid case, both
χ2 and A
′ produce signals in XENON. In this analysis we include XENON1T data up to 50 keV
and set mχ1 = 5 MeV.
(mA′ , DM) = (2.8 keV, 8.6× 10−16) as the best fit point [21]. To compare with our model,
we fix mA′ = 2.8 keV, multiply the solar A
′ differential flux at the Earth by c/vA′ and
integrate over energy. Both scenarios should give the same event rate at XENON1T:
2DM
(
ΦDMA′ c
vDM
)
= 2
∫
dω
dΦA′
dω
(
c
vA′
)
'
( 
10−7
)4 × 1.67× 1013 cm−2s−1 . (2.26)
Note that the event rate ∼ 4 in our model because the event rate picks up two powers of 
each at A′ production in the Sun and its interaction in the detector. An order of magnitude
larger value,  = 1.15× 10−14, is preferred in our scenario.
2.3 ∆mχ < mA′ < 40 keV
In the previous two subsections either χ2 or A
′ produced the XENON1T signal, but not
both. Here, we study a hybrid case in which both χ2 and A
′ produce signals in XENON.
This can occur if ∆mχ < mA′ so that χ2 decay is forbidden, and mA′ is light enough
that it can be produced in the Sun. Because we set ∆mχ = 3 keV, these conditions are
satisfied for 3 keV < mA′ < 40 keV. The parameter region from an analysis of XENON1T
data up to 50 keV is shown in Fig. 5. A tritium contribution is not included. A fit of the
background to the 38 bins gives χ2B0 = 56.06.
2.3.1 Double-peak signal at XENONnT
The point (mA′ , , gχ) ' (39 keV, 6.93× 10−11,
√
4pi) is interesting because the two contri-
butions from χ2 and A
′ to XENON1T data are comparable. This point has χ2 = 45.79, i.e.,
∆χ2 = 10.37, which for 3 parameters gives a p-value of 0.016, so it is allowed at 98.4% CL.
– 9 –
Figure 6. The double-peak spectra for the hybrid case. The left panel shows the XENON1T
spectrum, and the right panel shows that both peaks will be evident in 4 ton-year of XENONnT
data.
A distinctive double peak in the electron recoil spectrum is predicted, as illustrated in the
left panel of Fig. 6. The peak at 3 keV is from the narrow mass gap of χ, and the peak
around 39 keV is due to the solar A′ of the same mass value. The signal at 39 keV is
hidden in the huge background induced by the neutron-activated isotope 131mXe [9]. Note
that this parameter region does not explain the WDLF anomaly and is excluded by HB
cooling constraints.
To evaluate the sensitivity of XENONnT data [30], we assume the same number of
excess events per keV-ton-year as XENON1T with uncertainties reduced by a factor of
2.5 for a 4 ton-year exposure; see the right panel of Fig. 6. We also assume that xenon
purification will remove tritium to an undetectable level. For the parameter point in the
left panel, the signal gives χ2 = 51.81 and the background hypothesis has χ2bkgd = 159.59,
so the signal will be easily detected.
Next, we suppose that XENONnT does not see an excess, and the background ex-
pectation [30] in the recoil energy range, 1 keV to 13 keV, is consistent with data. Then
XENONnT data will be able to exclude the XENON1T allowed region of Fig. 3, which
did not assume a tritium contribution; see the left panel of Fig. 7. From the right panel
we see that XENONnT will not be able to exclude the scenario that allows for a tritium
component to the XENON1T excess.
3 Summary
We proposed dark-photon mediated inelastic DM as an explanation of the WDLF cooling
anomaly as well as the XENON1T electron recoil excess. The entire DM halo is composed
of the lighter dark particle χ1, and thermal electrons inside the Sun provide a power source
to excite χ1 into χ2 through the process, χ1e→ χ2e. For mA′ >∼ ∆mχ , 40 keV, the stable
χ2 propagates to Earth and contributes to electron recoil events at XENON1T via the
– 10 –
Figure 7. The expected 95% exclusion limit from XENONnT data between 1 keV and 13 keV
assuming no excess is seen in 4 ton-year of XENONnT data. The XENON1T regions in the left
(right) panel are from Fig. 3 (Fig. 4) without (with) a tritium component to the excess.
down scattering process, χ2e→ χ1e. The recoil spectrum features a peak around the mass
difference between χ1 and χ2, ∆mχ = 3 keV.
For mA′ < ∆mχ , 10 keV, the χ2 produced in the Sun decays promptly to A
′χ1 so
that A′ contributes, though subdominantly, to the XENON1T signal. The dominant A′
production in the Sun arises from the thermal plasma which can explain the XENON1T
excess with (mA′ , ) = (1.88 keV, 6.1×10−15) provided a tritium component also contributes
to the XENON1T spectrum.
For ∆mχ < mA′ < 40 keV, a distinctive signature of our model is a second peak
in the XENON1T spectrum that is currently not detectable. However, the parameter
region where this occurs does not explain the white dwarf cooling excess and is severely
constrained by HB cooling.
If the same event excess is found at XENONnT, it will be definitively confirmed. On
the other hand, if XENONnT data are consistent with the background, the parameter
region favored by the XENON1T anomaly (without a tritium contribution) will be ruled
out at 2σ. The preferred region common to the XENON1T and WDLF anomalies can not
be fully probed by XENONnT after complete removal of tritium; see Fig. 7.
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